ABSTRACT
INTRODUCTION
Myocardial ischaemia results from the reduction of coronary flow to such an extent that supply of oxygen to the myocardium does not meet the oxygen demand of myocardial tissue. When this ischaemia is prolonged and irreversible then myocardial cell death and necrosis occurs which is defined as myocardial infarction (MI). The diagnosis of MI is based on clinical symptoms, electrocardiographic (ECG) changes and characteristic pattern of changes in some serum enzymes such as creatine kinase (CK), creatine kinase isoenzyme MB (CKMB), lactate dehydrogenase isoenzyme 1 (LD 1 ) and cardiac specific proteins like troponins (1, 2) . Since the clinical symptoms are not very reliable, ECG is the most widely used method of the diagnosis of myocardial infarction. But many times ECG shows inconclusive pattern (3) . In such a situation the importance of serum biochemical markers of myocardial injury arises to confirm the diagnosis of myocardial injury.
are the MAP kinases, ERK ½, JNK ½, p38 MAP kalpha/beta; the cell survival kinase, Akt and the sodium-hydrogen exchanger (NHE) kinase, p90RSK (4) .
Oxygen deprivation due to prolonged ischaemia leads to a cascade in the metabolism in the myocardial tissues beginning from anaerobic glycolysis, inhibition of ATP-dependent transport process in cell membrane, electrolyte shift, cellular edema and to finally loss of cell membrane integrity. Due to increased glycolysis lactate concentration decreases the intracellular pH resulting in release and activation of lysosomal proteolytic enzymes and thereby disintegrating intracellular structures and structurally bound proteins. The release and appearance of these ischaemia affected biomolecules in the blood stream is an outcome of these metabolic changes. Thus the appearance of these markers in the blood stream and their measurable life in the blood following ischaemia depends on :
1.
Their intracellular location or compartmentation -The molecules present in cytosol are released first when myocardial damage occurs whereas the structurally bound molecules are released later.
2.
Their molecular weight -The larger molecules diffuse at a slower rate than the smaller molecules.
3.
Their rate of elimination from the blood -The smaller molecules are eliminated rapidly as compared to larger molecules.
4.
Blood flow in the necrotic region -The difference in the circulation of blood in the infarcted area leads to differences in the release of cytosolic proteins from the necrotic region while the release of structurally bound proteins are independent of the blood flow in the infarcted region.
CRITERIA USED TO ASSESS THE DIAGNOSTIC VALUE OF THE MARKER OF MYOCARDIAL INFARCTION

1.
Diagnostic sensitivity -is the probability of a positive test result in patients and indicates how surely patients with MI would produce a positive test result.
number of infarction patients with (correct) positive test results Diagnostic sensitivity = number of all infarction patients tested.
2.
Diagnostic specificity -is the probability of a negative test result in a healthy subject and it indicates the frequency of a negative result in patients who do not have an infarction. number of non-infarction patients with negative test results Diagnostic specificity = number of all non-infarction patients tested.
3.
Predictive value -is the probability that the disease in question is actually present if the test result is positive. Myoglobin/Carbonic anhydrase III ratio 7.
Glycogen phosphorylase isoenzyme BB 8.
Heart fatty acid binding protein.
ASPARTATE AMINOTRANSFERASE (AST/GOT)
The levels of serum AST activity begin to rise 3-8 hours after the onset of the myocardial injury with peak levels on an average at 24 hours and finally it returns to normal levels in 3-6 days (5). It was considered as a very good marker of cardiac injury as it was found to be normal in pulmonary embolism, acute abdominal conditions and other heart conditions such as angina and pericarditis (6, 7) . But later on, its use become limited due to its elevation in trauma to skeletal muscles and liver diseases (8, 9) .
LACTATE DEHYDROGENASE (LD) AND ITS ISOENZYME LD 1 An increase in serum LD activity is found following myocardial infarction beginning within 6 -12 hours and reaching a maximum at about 48 hours and it remains elevated for 4-14 days before coming down to normal levels. The prolonged elevation makes it a good marker for those patients admitted to the hospital after several days of MI. However, its use is discouraged due to its non-specificity as its increased levels are found in progressive muscular dystrophy, myoglobinuria, leukaemia, pernicious anaemia, megaloblastic and hemolytic anaemia, renal disease and in generalized carcinoma (5).
LD has five isoenzymes (LD 1 , LD 2, LD 3, LD 4 and LD 5 ). The cardiac muscles are rich in LD 1 and LD 2 (LD 1 >LD 2 ) while in liver LD 3, LD 4 and LD 5 being plentiful. The differential distribution of LD isoenzymes makes its use in differential diagnosis as a marked increase in the proportion of LD 1 in the serum in MI and LD 5 in liver disease has been found. LD 1 manifests the greatest catalytic activity in reducing D-oxobutyrate to D-hydroxybutyrate, hence it is termed as D-hydroxybutyrate dehydrogenase (10) and it was considered to be more sensitive marker of MI than total LD and it remained elevated even longer than total LD. Moreover, D-hydroxybutyrate dehydrogenase stayed normal or showed small increase in hepatitis.
CREATINE KINASE (CK) AND ITS ISOENZYME MB (CKMB)
Serum CK activity increases following MI beginning within 6 hours and peaking on an average at 24 hours and returning to normal within 2-3 days. The area under the peak and the slope of the initial rise are proportional to the size of the infarction (5). However, its presence in large amounts in skeletal muscle and increased levels found in muscular dystrophy (11) , hypothyroidism (12), hypothermia (13), alcoholism (14) , cerebrovascular accidents (15) and a variety of myopathies (16) make it unsuitable as a marker of myocardial injury.
CK has three isoenzymes namely CKBB, CKMB and CKMM each consisting of two subunits named according to main tissue of occurrence : B (brain) and M(skeletal muscles). Myocardium contains 40% CKMB and 60% CKMM along with traces of mitochondrial CK (macro CK type II) where as skeletal muscles contain about 97% CKMM, 2-3% CKMB and traces of CKBB and mitochondrial macro type II. Being highest in proportion in myocardium CKMB has been used as the biochemical marker in patients with suspected acute myocardial infarction (AMI).
Serum CK-MB kinetics gives useful information regarding the extent and timing of myocardial injury. It begins to increase between 3-5 hours after the onset of infarction and peaking at 16-20 hours. It has been considered as the 'Gold Standard' for confirmation of MI (17) . However, the techniques used (electrophoresis and immunoinhibition) to quantitate CKMB catalytic activity were not sensitive enough for early use, being relatively non-specific and long turn-around time restricted its use primarily for confirming MI at 24 hours post injury (18, 19) . Recently, the measurement of mass concentration of CKMB has increased its sensitivity and specificity enabling to measure small changes during the early hours following MI. The turn-around time is also low. The CKMB mass assay has a diagnostic sensitivity of 50% at 3 hours. and 80% at 6 hours. It has been found that CKMB mass slope calculated from serial blood samples collected 0-12 hours after the onset is a rapid and accurate diagnostic approach to categorize the patients with suspected AMI (20, 21) . Despite all these advantages of CKMB mass assay it has two main limitations : (1) it is not perfectly specific to cardiac injury with increases occurring also during massive musculoskeletal injury and (2) the early release pattern limits its use for the late MI diagnosis. But it has a definite place for the diagnosis of reinfarction (22) and has prognostic value in patients with unstable angina (23) . Its potential as an aid in non-invasive detection of coronary recanalization following thrombolytic therapy (24) and also as a sensitive marker in detecting myocardial necrosis following percutaneous coronary intervention (25) has also been shown. The ratio of the CK-MB / total CK has also been proposed for the diagnosis of the origin of raised CK-MB by some authors (26, 27) but it has been discouraged by others due to certain limitations (28, 29) .
CK-MB isoforms (subtypes) are also considered as sensitive markers for early diagnosis of MI (30, 31) . There is only one CKMB isoform within tissue but after release into the circulation CKMB is chemically modified resulting in two bands on traditional high voltage electrophoresis : one tissue subtype MB 2 and the other the modified subtype MB 1 . The ratio of MB 1 /MB 2 provides the basis for a positive MB subtype result (32) (33) (34) . However, CKMB isoforms offer no advantage over CKMB mass as early marker of MI (35) and CKMB mass measurement is more practical to perform in the laboratory and easily automated than the measurement of CKMB isoforms with available methods.
MYOGLOBIN
Myoglobin, a 18 KD cytosolic protein, appears in blood earlier after myocardial injury than any other marker available so far. The detectable levels of myoglobin in the blood are found as early as 2 to 3 hours after the onset. Its peak value is obtained at 6 -12 hours after the onset of the symptoms and then it normalizes over the next 24 hours. However, it is not cardiac specific as its release from the skeletal muscles cannot be distinguished from that released due to cardiac injury (36) and it is found to be elevated in severe renal insufficiency and in patients being on alcohol binges immediately prior to coming to emergency room (37) . Several studies have compared the diagnostic utility of serum myoglobin with other markers like CKMB, CKMB mass, CKMB isoforms and cardiac Troponins but the results have been controversial (35, (38) (39) (40) (41) (42) . The high negative predictive value of serum myoglobin for excluding early infarction has encouraged its use along with more specific markers such as CKMB and cardiac troponin and this twomarker approach has improved the diagnosis of MI (43) .
TROPONINS
Troponin is a protein complex located on the thin filament of striated muscles consisting of the three subunits namely Troponin T (TnT), Troponin I (TnI) and Troponin C (TnC) each having different structure and function. Of the three troponins, TnT and TnI are being used as the biochemical markers for the diagnosis of myocardial injury. The troponins found in cardiac tissue (cTn) have a different amino acid sequence than that present in troponin of skeletal muscles. This makes cTnT and cTnI more specific for the diagnosis of myocardial injury. These cardiac troponins (cTns) appear in the blood as early as 3-4 hours of the acute episode and remain elevated for 4-14 days. The pattern of release of troponin may be monophasic or biphasic. This release kinetics is related to the distribution of these proteins within the myocardial cell. About 94-97% of these troponins is bound to myofibril and only 3% of cTnI and 6% of cTnT is free in the cytoplasm (44, 45) . When the myocardial damage occurs the cytosolic troponins reach the blood stream quickly resulting in a rapid peak of serum troponin observed during the first few hours. This is followed by the release of structurally bound troponin resulting in a second peak lasting for several days. However, in patients with non-reperfused AMI (permanent occlusion),only a single continuous peak is observed (44) .
cTnT and cTnI are now regarded as the most specific biochemical markers of myocardial injury (46) . Studies have shown that cardiac troponins should replace CKMB as the diagnositic 'gold standard' for the diagnosis of myocardial injury. The reasons being : 1.
Troponins are highly cardiospecific especially the TnI (100%).
2.
The prolonged elevation (4-14 days) make it a good marker for patients admitted to the hospital after several days of MI. 3.
cTns have greater sensitivity for minor degrees of myocardial injury (47, 48) due to the cardiospecificity and their very low concentration in serum of normal individuals. 1 
4.
These are excellent prognostic indicator in patients with unstable angina (49, 50) and is a very useful parameter for stratifying risk in acute coronary syndrome* (ACS) patients (51) (52) (53) (54) and their predictive value is superior to that of CKMB alone (55).
5.
A single measurement of serum cTnT at the time corresponding to the slow continuous release after AMI (~72 hours after onset) can be used as a convenient and cost effective non-invasive estimate of infarct size whereas CKMB requires repetitive sampling (43).
6.
The early serial measurements of cTnI are a more accurate predictor of early coronary artery reperfusion after thrombolytic therapy as compared to CKMB and myoglobin (56) and it also identifies a subgroup of patients with unstable coronary syndrome in whom prolonged antithrombotic treatment with low-molecular weight heparin can improve the prognosis. 7.
According to U.S. National Academy of Clinical Biochemistry (NACB) and Joint European Society of Cardiology and American College of Cardiology (ESC/ ACC) guidelines cTns are the most specific and sensitive biochemical markers. However, different cut off values have been used to differentiate between ACS and AMI (57,2).
cTnT Versus cTnI
Both cTnT and cTnI are almost equally good markers and it is difficulty to say which is better because both have some positive and negative points. cTnI is 100% cardiospecific and as apposed to cTnT it is not elevated in chronic renal disease, trauma and skeletal muscle disease (58) . The overall * Acute coronary syndromes covers the clinical spectrum of acute myocardial ischaemia, including unstable angina, acute myocardial infarction without ST-segment elevation and ST-segment elevation MI.
diagnostic specificity and efficiency of cTnI is better than cTnT (59) and it (cTnI) is proved to be the most sensitive marker in detecting myocardial necrosis following percutaneous intervention (25) . However, the third generation cTnT assays don't allow the skeletal TnT interference. Both cTns undergo posttranslational modifications such as phosphorylation, oxidation, reduction, proteolysis and form complex with other troponins. cTnI is more prone to these modifications and these modification may prevent some antibodies used in the assay system from binding to the molecules and thereby diminishing the signal. There are some discrepancies in the standardization of cTnI assays. The same sample tested with assays from different manufacturers may give several fold difference in results where as cTnT assay in manufactured by only one manufacturer (43) . The life-time of cTnT in blood (5-14 days) is some what more than that of cTnI (4-10 days).
Although cardiac troponins are extremely specific for myocardial necrosis, they do not discriminate between ischaemic and non-ischaemic etiologies of myocardial injury.
Combining troponin with other cardiac biomarkers may offer complimentary information on the underlying pathobiology and prognosis in an individual patient (60) .
The recommended time course for collection of blood samples for cTn is at hospital admission, 6 and 12 hours later but when it is used along with an early marker like myoglobin (two-marker strategy) then at hospital admission, 4,8 and 12 hours later is used (43) .
MYOGLOBIN / CARBONIC ANHYDRASE III RATIO
Carbonic anhydrase III (CA III) is present in skeletal muscles and is released into circulation following injury. But since it is not found in cardiac muscles it is used in combination with myoglobin as a marker of myocardial damage (61) . The measurement of myoglobin / carbonic anhydrase III ratio improves the specificity of myoglobin as an early marker of MI (62, 63) . The ratio was found significantly higher in patients with MI whereas myoglobin and CA III were released in a fixed ratio following exercise and showed no significant difference in the ratio for trauma patients (63) . This ratio was also used in evaluating the success of reperfusion after MI (64) . However, its use is limited due to lack of availability of commercial assay of CA III and it has no use in AMI with a delayed presentation.
GLYCOGEN PHOSPHORYLASE BB
Glycogen phosphorylase (GP) is a key enzyme of glycogenolysis and GPBB is its isoenzyme. Its release depends on the degradation of glycogen. With the onset of tissue hypoxia when glycogen is broken down, GPBB is converted from a structurally bound into a cytoplasmic form and thus the efflux of GPBB into the extracellular fluid follows ischaemia induced structural changes (65, 66) . GPBB has been found to be a sensitive marker for the diagnosis of MI within 4 hours of chest pain but it also increases early in unstable angina and reversible ST-T alterations (67) . It is also a sensitive marker for detection of perioperative myocardial injury in patients undergoing coronary artery bypass grafting (68) . Infact, it is considered as the most promising marker among the recently proposed new markers for early diagnosis of AMI (69) . However, it is cleared from the circulation within 24-72 hrs after MI, therefore it can not be used as a late marker of myocardial injury.
HEART-TYPE FATTY ACID BINDING PROTEIN (H-FABP)
It is a low molecular weight (15 KD) cytoplasmic protein present in myocardium and is released into the circulation following myocardial injury. Its plasma kinetics closely resembles those of myoglobin but it is more cardiospecific than myoglobin. It was found to be elevated within 3 hours after AMI and return to normal levels within 12-24 hours. Hence it is considered as a sensitive and specific marker of early detection of myocardial injury as compared to CKMB and / or DHBDH and myoglobin (70) (71) (72) . Infact, it has been shown to be the earliest marker for confirmation and exclusion of AMI (73, 74) . It also has a potential to be used as a prognostic indicator of myocardial damage as well as clinical outcome in paediatric cardiac surgery (75) .
Several other but less extensively studied markers are cardiac myosin light chains (76, 77) , S100aO (78) and annexin V (79).
CONCLUSION
It is clear from the foregoing review that none of the markers available so far meet all the criteria required for an ideal biochemical marker of myocardial injury. However, among the currently available markers cTns appear to be the most promising as far as their sensitivity, specificity, turn around time and cost is concerned. The improved sensitivity and specificity of cTns has almost eliminated the place of LD and CK and even CKMB in the diagnosis of cardiac injury. Between cTnT and cTnI, the latter seems to be better considering its cardiospecificity and efficiency. However, the discrepancies in its standardization limit it from being the best and much is needed to be done to harmonize the test results. For early detection of myocardial injury serum myoglobin is used as a sensitive marker but it lacks cardiospecificity. However, its combination with a more specific marker like cTns has improved the accuracy in the diagnosis of acute coronary syndrome and thereby reducing the hospital stay and patients money. Both ESC/ACC and NACB have proposed the use of myoglobin or CKMB isoforms for early diagnosis of MI in addition to highly specific cardiac makers such as cTnT or cTnI. Among the other new markers of early detection of myocardial damage, HFABP, GPBB and myoglobin/CA III ratio seem to be the most promising. But the search for the most ideal marker is still on.
